Abstract Breast cancer patients' perceived risk of recurrence has been associated with psychological distress. Little is known about the change of patients' perceived risk of recurrence over time and factors associated with their recurrence-risk perceptions. We prospectively recruited 549 newly diagnosed early-stage breast cancer patients; patients completed interviews at 6 weeks, 6 months, 1 year, and 2 years after definitive surgical treatment. A random-effects regression model with repeated ordinal measurements was used to estimate the relationship between perceived risk of recurrence and demographic, medical, and psychosocial factors. We analyzed data from 535 patients [34% ductal carcinoma in situ (DCIS); 20% non-white] who reported their perceived risk at one or more interviews. At the first interview, 16% reported having no lifetime risk of recurrence, and another 16% reported C50% risk of recurrence, including 15% of DCIS patients. Patients who were white (OR = 5.88, 95% CI 3.39-10.19) and had greater state anxiety (OR = 1.04, 95% CI 1.02-1.07) were more likely, while patients who received radiotherapy (OR = 0.72, 95% CI 0.54-0.96) and had more social support (OR = 0.59, 95% CI 0.46-0.75) were less likely to report higher risk of recurrence. Cancer stage was not significantly associated with perceived risk of recurrence. Perceived risk of recurrence did not change significantly over time. Educating early-stage breast cancer patients about their actual risk could result in more realistic recurrence-risk perceptions, and increasing social support could help alleviate anxiety associated with exaggerated risk perceptions.
Introduction
Effective adjuvant therapies have reduced the risk of recurrence after surgical resection of early-stage breast cancer. Ten to 18% of women with ductal carcinoma in situ (DCIS) will develop recurrence (including locoregional or distant recurrence or contralateral breast cancer) within the first 5 years after lumpectomy followed by radiation therapy [1] [2] [3] , which is higher than the risk of recurrence after mastectomy (\7%) [3] [4] [5] . In patients 50-69 years old with early invasive breast cancer (EIBC), the 5-year cumulative risk of recurrence ranges from 14 to 43% after primary treatment [6] . Some patients may have inaccurate perceptions of their risk of recurrence. Higher perceived risk of recurrence has been associated with cancer-specific worries [7] and general anxiety [8] . Perceived risk of breast cancer, one of the four components of the Health Belief Model, is considered to be a key motivator for mammography screening [9, 10] . However, this is not always the case. A prospective study showed that women who believed their risk to be high were less likely to adhere to screening guidelines than women who believed their risk to be moderate [11] . Additionally, high perceived risk of breast cancer was associated with being hyper vigilant in breast self-examination [12] . Therefore, a better understanding of factors associated with patients' perceived risk of recurrence and whether perceived risk changes over time could provide insights into interventions designed to improve health behaviors and alleviate psychological distress.
Although studies have reported factors associated with perceived risk of breast cancer in women without a personal history of breast cancer, little is known about factors associated with recurrence-risk perceptions in breast cancer survivors. Two cross-sectional studies found that despite their better prognosis, women with DCIS reported similar perceptions of their risk of recurrence and death from breast cancer as women with EIBC [13, 14] . Treatmentrelated factors might be associated with patients' risk perceptions [15] [16] [17] . Factors associated with perceived risk of developing breast cancer, e.g., age, race, education, family history of breast cancer, and state anxiety [18] [19] [20] , also may be associated with recurrence-risk perceptions in breast cancer patients. Since lack of social support has been associated with poor health outcomes in breast cancer patients [21, 22] , availability of support also may influence recurrence-risk perceptions.
To date, few studies have assessed breast cancer survivors' perceived risk of recurrence [7, 8, 13, 14, 23, 24] . These studies were limited, however, by their cross-sectional design and data analysis, a small proportion of nonwhite participants, and lack of comprehensive assessment of demographic, clinical, and psychosocial factors in relation to recurrence-risk perceptions. Thus, we conducted a prospective study to characterize the trend in patients' perceived risk of recurrence and its relation to a variety of demographic, clinical, and psychosocial factors.
Methods

Patients and procedure
Between October 2003 and June 2007, patients with newly diagnosed, first primary breast cancers (stages 0-IIA) were recruited at the Siteman Cancer Center at Barnes-Jewish Hospital and Washington University School of Medicine and at Saint Louis University School of Medicine for a longitudinal quality-of-life study. The Institutional Review Boards at both institutions approved the study. Eligible participants were able to speak English, had completed definitive surgical treatment, and were C40 years old, as annual screening mammography is recommended for this age group [25] . Patients were excluded if they had a history of breast cancer, received neoadjuvant chemotherapy, or demonstrated cognitive impairment based on weighted scores [10 on the Orientation-Memory-Concentration Test [26] , which was administered to patients C65 years old.
Measures
After obtaining consent, we abstracted patients' breast cancer pathology and treatment data from their medical records. Patients provided information about demographics, comorbidities, and psychosocial variables during four computer-assisted telephone interviews (CaTI) 4-6 weeks, 6 months, 1 year, and 2 years following their definitive surgery. The CaTI system minimizes error in data collection; skip patterns were programmed to ensure that interview questions are followed appropriately [27] . Perceived availability of social support was measured using the Medical Outcomes Study Social Support Survey [28] . Anxiety was measured with the validated Beck Anxiety Inventory Ò [29] . The extent to which participants experienced depressive symptoms ''during the past week'' was measured using the validated Center for Epidemiologic Studies-Depression Scale (CES-D) [30] . Based on the literature [31] and surgeons' anecdotal reports of patients' complaints after surgery, we developed an 8-item measure of breast surgery-associated side effects with higher scores (range 1-5) indicating more severe side effects. A singlefactor solution was obtained in the factor analysis of the eight surgical side effect items, including limited arm mobility/frozen shoulder, tightness/tenderness in chest wall, tightness/tenderness/discomfort in the breast, arm weakness, lymphedema/swelling of the arm, swelling of the chest/breast/axilla, numbness/tingling or pins and needles, and tightness/pulling/stretching in the arm/axilla. The internal consistency was high (Cronbach's alpha = 0.81, 6 and 12 months after surgery). Katz's validated adaptation of the Charlson comorbidity index was used to measure the presence/history of several comorbid conditions [32, 33] . We asked patients whether they had a family history of breast cancer in their first-degree relatives.
To determine their perceived risk of recurrence, we asked patients, ''What do you think the chances are that you will have this disease again someday? Please answer using a percentage scale where 100 means that you will definitely get this disease again and 0 means there is no chance that you will get it again'' [34] . We defined ''recurrence'' broadly as a recurrence in the same breast or in other organs or occurrence of a new breast cancer in the contralateral breast, presuming that the distinctions between locoregional and distant recurrence and contralateral breast cancer are likely lost on the patient who hears only that she has cancer again. Recognizing that patients probably do not know their actual risk of recurrence (because healthcare providers do not commonly give patients this type of numeric information), we categorized their responses into one of six groups corresponding to increasing levels of risk: 0, 1-9, 10-24, 25-49, C50%, and uncertain/don't know, based on published work [34] . These categories were based on the lifetime risk of recurrence in patients with mutated BRCA1/2 gene (C50%), patients who were not tested for BRCA1 or BRCA2 status but in whose family a mutation was found (10-50%), and patients at average (\10%) risk of recurrence (personal communication, Dr. Robyn Andersen, Fred Hutchinson Cancer Research Center, September, 2007). We used this 6-group ordinal variable in our analysis, assuming that patients' assignment of a percentage value reflected their perceived ''level of risk,'' rather than their calculated risk of recurrence.
Statistical analysis
Independent predictors of the ordinal-scaled measure of perceived risk of recurrence were identified using an ordinal random-effects regression model that was based on the proportional odds assumption and considered the correlation between the repeated measurements of a subject across time [35, 36] . PROC NLMIXED in SAS was used to fit random-effects regression models with repeated ordinal measurements [37, 38] .
Univariate random-effects regression models were developed to identify factors associated with patients' perceived risk of recurrence that would be included in the multivariate model. Factors assessed included age at diagnosis, race, education, marital status, cancer stage, type of surgery, surgical side effects, receipt of chemotherapy, radiotherapy, and adjuvant hormone therapy, family history of breast cancer, time after definitive surgery, comorbidity, social support, anxiety, and elevated depressive symptoms. The multivariate random-effects regression model included all factors associated with perceived risk of recurrence in the univariate models at P \ 0.20. Odds ratios (ORs) and their 95% confidence intervals (95% CI) were used to assess the magnitude of associations between explanatory variables and patients' perceived risk of recurrence. An OR \ 1.00 indicated that patients with exposure were less likely than patients in the comparison group to report higher categories of perceived risk of recurrence. In contrast, an OR [ 1.00 indicated that patients with exposure were more likely than patients in the comparison group to report higher levels of perceived risk of recurrence. For example, we compared patients who received chemotherapy, the exposure, with patients who did not, the comparison group. All variables were entered into the model simultaneously.
Analyses were performed using SAS statistical software version 9.1 (SAS Institute, Cary, NC). Statistical tests were two-sided, and P \ 0.05 was considered significant.
Results
Overall, 549 of 772 eligible patients (71%) completed the first interview. A larger proportion of participants than nonparticipants were white (79 vs. 64%; P \ 0.001). While there was no age difference between white participants and white non-participants, non-white participants were younger than non-white non-participants (mean age: 58 vs. 62 years; P = 0.020). There was no significant difference in cancer stage or type of breast surgery between participants and non-participants. Of the 549 participants, 537 (98%) completed the 6-month follow-up, 528 (96%) completed the one-year follow-up, and 514 (94%) completed the 2-year follow-up. Interviews were completed, on average, 1.4, 6.2, 12.3, and 24.5 months after definitive surgical treatment.
Nine patients developed recurrent or contralateral breast cancer during follow-up and were excluded from the analyses of data collected after these events. Additionally, patients who reported not knowing their risk of recurrence were excluded from the analyses of data collected at that interview (Fig. 1) . The percentage of patients who reported being uncertain about their risk of recurrence varied at each interview, ranging from a high of 16.4% at the 6-month interview to a low of 8.8% at the 2-year follow-up. The random-effects regression model used in the following analyses included all available data for a patient, which limits bias associated with only including patients with complete data [35] . Therefore, data analysis included 462 patients who reported their perceived risk during the first interview, and 73 patients who were uncertain at the time of first interview but reported their risk in subsequent interviews (being uncertain was not always reported by the same patients). Descriptive statistics of these 535 patients at the time of first interview are shown in Table 1 . Of 343 patients who received radiotherapy, 94.8% had undergone breastconserving surgery (BCS); 88.0% of 192 patients without radiotherapy had undergone mastectomy. Married/partnered patients reported greater availability of social support compared with never-married patients (P \ 0.0001).
Although patients with bilateral mastectomy were less likely to report higher perceived risk of recurrence at the first interview than patients with unilateral mastectomy (OR = 0.28, 95% CI 0.19-0.42; P = 0.0216), excluding patients with bilateral mastectomy from the ''mastectomy'' group did not influence the significance of predictors of perceived risk of recurrence. Therefore, we included patients with both unilateral and bilateral mastectomy in one group in the analyses.
Longitudinal course of perceived risk of recurrence Figure 2 shows the observed frequency of perceived risk categories by cancer stage at the first interview. At the first interview, 16% of patients reported having no lifetime risk of recurrence (0%) and another 16% reported their risk to be C50%. A larger proportion of non-white patients reported their risk to be 0% compared with white patients (35 vs. 12%; P \ 0.0001). Notably, 15% of DCIS patients reported their risk to be C50%. Perceived risk did not differ significantly by cancer stage at the first interview. Since patients' perceived risk was positively skewed, we combined perceived risk categories as follows for subsequent analyses: 0, 1-9, 10-24, and 25-100%. Figure 3 shows trends of the observed frequency of perceived risk categories by cancer stage. In Fig. 4 , the marginal estimated probability of each perceived risk category by cancer stage was plotted against time after definitive surgery in months. As time after definitive surgery increased for DCIS and stage IIA patients, the probability of reporting risk to be 10-24 or C25% increased, and the probability of reporting risk to be 0 or 1-9% decreased; the probability of reporting each perceived risk category appeared stable for stage I patients. However, the change in perceived risk over time by cancer stage only approached significance (P = 0.0575). For the effect of stage at any given time, the marginal estimated probability of reporting each perceived risk category did not differ significantly between DCIS and stage I patients (P = 0.6381); compared with DCIS and stage I patients, stage IIA patients were somewhat more likely to report their risk to be C10% and less likely to report their risk to be \10% (P = 0.0633).
Factors associated with perceived risk of recurrence Table 2 shows OR estimates from the univariate and multivariate random-effects regression models. In the univariate models, patients who were older (OR = 0.97, 95% CI 0.95-0.99; P = 0.0161) and who reported greater availability of social support (OR = 0.55, 95% CI 0.44-0.70; P \ 0.0001) were less likely to report higher recurrence-risk perceptions, whereas patients who were white (OR = 4.67, 95% CI 2.67-8.17; P \ 0.0001), received chemotherapy (OR = 1.65, 95% CI 1.08-2.54; P = 0.0213) and reported higher levels of anxiety (OR = 1.06, 95% CI 1.03-1.08; P \ 0.0001) and depressive symptoms (OR = 1.82, 95% CI 1.22-2.71; P = 0.0033) were more likely to report higher recurrence-risk perceptions. As we planned to include all factors associated with perceived risk of recurrence in the univariate models at P \ 0.20, we retained stage, receipt of radiation therapy, and severity of surgical side effects as predictor variables in the multivariable model. As interactions between time after definitive surgery and each of these covariates were not significant, the multivariate model did not include interaction terms. In the multivariate regression analysis (Table 2) , patients who received radiotherapy (OR = 0.72, 95% CI 0.54-0.96; P = 0.0271) and reported greater availability of social support (OR = 0.59, 95% CI 0.46-0.75; P \ 0.0001) were less likely to report higher recurrence-risk perceptions, whereas patients who were white (OR = 5.88, 95% CI 3.39-10.19; P \ 0.0001) and reported higher levels of anxiety (OR = 1.04, 95% CI 1.02-1.07; P = 0.0016) were more likely to report higher recurrence-risk perceptions. Age, breast cancer stage, receipt of chemotherapy, surgical side effects, and depressive symptoms were not significantly associated with patients' recurrence-risk perceptions.
Discussion
To our knowledge, this is the first longitudinal analysis of demographic, cancer-related, and psychosocial factors associated with perceived risk of recurrence among women with DCIS and EIBC. Although one other longitudinal study examined change in perceived risk over time [8] , this study included only DCIS patients. Our longitudinal study confirmed the finding of no significant influence of cancer stage at diagnosis on patients' perceived risk of recurrence that was reported previously in cross-sectional studies [13, 14] . In addition, our sample included a larger proportion of non-white patients (and representative of their proportion in the St. Louis metropolitan area) than the previous study reported [8] , which allowed us to explore racial differences in patients' perceived risk of recurrence. Moreover, we analyzed the contribution of adjuvant treatments to patients' perceived risk of recurrence. Thus, our study makes important contributions to the literature about perceived risk of recurrence in both DCIS and EIBC survivors.
Surprisingly, 16% of patients within 6 weeks after surgery did not think they had any risk of recurrence during their lifetime, and 15% of DCIS patients, who generally have a relatively lower risk of recurrence after treatment compared to those with invasive disease [39] , perceived their risk to be C50%. Patients' perceived risk of recurrence did not change significantly over the course of the 2-year study, consistent with an earlier finding in DCIS patients alone [8] .
Perceived risk of recurrence was higher in white than non-white patients (93% of whom were African American); and non-white patients were more likely than white patients to report their risk to be 0%. This finding is similar to other research reporting that more than half of African American breast cancer survivors with a 5-10% prior probability of having a BRCA1/2 mutation did not believe they were at increased risk for recurrent or new breast cancer [24] . Since African American breast cancer patients generally have higher risks of recurrence and death from breast cancer than white breast cancer patients [40, 41] , non-white patients in our sample were overly optimistic in their recurrence-risk perceptions. Little is known about why African American breast cancer patients, in particular, have this optimistic bias about their risk of recurrence. Although family history of breast cancer and education have been found to be associated with cancer risk perceptions [24, 42] , there were no significant racial differences in education or family history of breast cancer in our Fig. 4 The change of estimated probability of reporting different levels of risk of recurrence by cancer stage over time. a Probability of reporting risk of recurrence to be 0%. b Probability of reporting risk of recurrence to be 1-9%. c Probability of reporting risk of recurrence to be 10-24%. d Probability of reporting risk of recurrence to be 25-100% sample. Further research about factors modifying such racial difference in patients' perceived risk of recurrence is warranted.
Racial differences in recurrence-risk perceptions may have clinical implications. For example, higher risk perception has been reported to be a motivator to screening mammography use in women without a personal history of breast cancer [9] . African American breast cancer survivors are less likely to receive post-treatment surveillance mammography and have shorter follow-up care compared with white survivors [43, 44] , which may be due, in part, to optimistic bias in their recurrence-risk perceptions.
Radiotherapy is standard of care for patients who receive BCS to reduce the chance of local recurrence in the breast or chest wall. We found that patients who received adjuvant radiation therapy tended to perceive their risk of recurrence to be low, which is consistent with their lower ''actual'' risk of recurrence. The survival benefits of BCS with radiation are similar to the survival benefits of mastectomy in early-stage breast cancer patients with small tumors [45] . If surgeons discuss this information with their patients during the surgical treatment decision-making process, patients might understandably transfer this knowledge about survival benefits to their perceived risk of recurrence. Given that 94% of our patients who underwent BCS also received radiation therapy, the finding of the similarity in perceived risk of recurrence between patients who received BCS and patients who received mastectomy supports this hypothesis. Since we do not know what each patient's physicians told her regarding her risk of recurrence (or of dying), we cannot discern the extent to which a patient's knowledge of the survival benefits of radiation therapy influenced how she perceived her risk of recurrence, or if it did at all. Consistent with the literature that social support works as a buffer against poorer psychological adjustment to stressful events [46, 47] , we found that greater perceived social support was associated with lower perceived risk of recurrence. Given the observed association between being married/partnered and reporting more social support, it could be that patients without these intimate relationships might be less able to share their fears about recurrence with persons whom they trust [46] , and therefore believe their risk of recurrence to be high. In addition, patients with more social support may be more likely to know (or to have been made aware of) long-term breast cancer survivors living without recurrence, and therefore base their own perceived risk of recurrence on the experiences of other survivors or on what their friends and family say to allay a patient's concerns.
Patients with greater state anxiety were more likely to report higher risk of recurrence. This is consistent with the literature that heightened perceived cancer risk is associated with greater mood disturbance among women without a personal history of breast cancer [18] and among patients newly diagnosed with breast cancer [8, 13, 48] . However, due to the observational nature of this longitudinal study, we could not determine whether patients' higher perceived risk of recurrence caused greater anxiety or greater levels of anxiety resulted in higher perceived risk. Greater anxiety has been related both to hyper vigilance in compliance with breast self-examinations [12] and to avoidance of screening [49] , suggesting the potential impact of patients' perceived risk of recurrence on adherence to follow-up care recommendations.
It is worth noting that prognostic factors, including age and cancer stage, were not significantly associated with patients' perceived risk of recurrence. Although younger breast cancer survivors have a higher risk of recurrence [50, 51] , we did not find a significant difference by age in recurrence-risk perceptions after controlling for other covariates. Our sample, however, did not include patients \40 years old, the age group at greatest risk for recurrence [50, 51] , which may explain the lack of age difference in our patients' risk perceptions. The similarity in recurrencerisk perceptions that we observed between DCIS and EIBC patients also was reported in two cross-sectional studies [13, 14] . It is possible that DCIS patients lack awareness about the relative prognosis of DCIS and EIBC, which may result in DCIS patients' overestimation of their actual risk of recurrence. Alternatively, the similarity in treatment options for patients with DCIS and for most patients with stage I breast cancer may account for the lack of a significant association between cancer stage and recurrence-risk perceptions.
We found no significant association between having a family history of breast cancer and recurrence-risk perceptions, suggesting that patients did not think having a family history of breast cancer increased their chance of developing breast cancer again. Indeed, having a family history of breast cancer was found not to be associated with risk of recurrence in breast cancer survivors [52] .
One limitation of this study is that we included only women C40 years with early-stage breast cancer, thus we cannot generalize our findings to younger women or women with more advanced breast cancer whose treatment options and prognosis differ from those for DCIS and EIBC patients. Second, a larger proportion of participants than non-participants were white, possibly resulting in selection bias. Non-white participants were younger than non-white non-participants, and younger age was associated with higher recurrence-risk perceptions in the univariate analysis. Therefore, the age difference between non-white participants and non-participants did not appear to bias our findings, since non-white participants reported lower risk than white participants.
The ''best'' or most accurate way to measure patients' perceived risk of recurrence remains unknown. However, a 0-100% numerical measure has been demonstrated to be the better measure of perception of breast cancer risk among women without a personal history of breast cancer when compared with a verbal measure (e.g., ''not at all likely'' to ''extremely likely'') and a measure asking respondents to compare their risk with that of the average person [53] . Like breast cancer risk perceptions, the 0-100% numerical measure of perceived risk of recurrence that we and others have used [8, 34] reflects patients' subjective judgments of their risk of recurrence.
In conclusion, our research indicates that: (1) many early-stage breast cancer patients inaccurately perceived their risk of recurrence, (2) patients' recurrence-risk perceptions did not change significantly during the first 2 years after surgery, and (3) patients' recurrence-risk perceptions were associated with race, receipt of radiotherapy, and psychosocial variables (social support and anxiety) but not with cancer stage. These findings suggest the importance of effective physician-patient communication about a patient's prognosis, especially for DCIS patients who have a relatively low risk of recurrence [39] , and about the impact of potential treatments on patients' risk of recurrence. Provision of social support could potentially alleviate anxiety associated with higher perceived risk of recurrence. 
